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INTRODUCTION 

A s  a p a r t  of a con t inu ing  r e sea rch  program on the  environmental  
a s p e c t s  of f u e l  convers ion ,  t h e  U. S. Environmental P r o t e c t i o n  Agency 
has sponsored a r e sea rch  p r o j e c t  on coa l  g a s i f i c a t i o n  a t  Caro l ina  
S t a t e  Un ive r s i ty  i n  t h e  Department of Chemical Engineering. The f a c i l i t y  
used f o r  t h i s  r e sea rch  is a smal l  coa l  gas i f i ca t ion -gas  c l ean ing  p i l o t  
p l a n t .  The o v e r a l l  o b j e c t i v e  of t h e  p r o j e c t  i s  t o  c h a r a c t e r i z e  the  
gaseous and condensed phase emiss ions  from t h e  gas i f i ca t ion -gas  c l ean ing  
process ,  and t o  determine how emission r a t e s  of va r ious  p o l l u t a n t s  depend 
on a d j u s t a b l e  process  parameters.  

North 

A complete d e s c r i p t i o n  of the  f a c i l i t y  and ope ra t ing  procedures i s  
given by F e r r e l l  e t  a l . ,  Vol I ,  (19801, and i n  abbrevia ted  form by Fe lder  
e t  a l .  (1980). A schematic diagram of t h e  G a s i f i e r ,  t h e  Acid Cas 
Removal System (AGRS), and o t h e r  major components i s  shown i n  F igu re  1. 

I n  an  i n i t i a l  s e r i e s  of runs  on t he  g a s i f i e r ,  a p r e t r e a t e d  Western 
Kentucky No. 11 coa l  was g a s i f i e d  wi th  steam and oxygen. The r e s u l t s  of 
t h i s  work a r e  g iven  by F e r r e l l  e t  al.,  Vol 11, (19811, and were presented  
a t  t he  EPA Symposium on Env i romen ta l  Aspects of Fuel Conversion 
Technology V ,  he ld  i n  S t .  Louis ,  Mo., September, 1980. 

The second major study c a r r i e d  o u t  on the  f a c i l i t y  vas  t h e  
steam-oxygen g a s i f i c a t i o n  of a N e w  Mexico subbituminous c o a l  (from t h e  
Navaho mine of t h e  Utah I n t e r n a t i o n a l  Co.) us ing  r e f r i g e r a t e d  methanol a s  
t h e  AGRS so lven t .  This  paper p re sen t s  a b r i e f  summary of t h e  g a s i f i e r  
ope ra t ion  us ing  t h i s  c o a l ,  shows examples of ana lyses  of some of t h e  
g a s i f i e r  e f f l u e n t  s t reams,  and p resen t s  a summary of t h e  r e s u l t s  of t h e  
ope ra t ion  of t h e  AGRS us ing  the  g a s i f i e r  make gas  a s  f eed .  

SUMMARY OF GASIFIER OPERATION 

The f l u i d i z e d  bed g a s i f i e r  and raw gas  c l ean ing  system (cyc lone ,  
ven tu r i  sc rubber ,  f i l t e r s  and hea t  exchanger) used for these  s t u d i e s  was 
o r i g i n a l l y  desigr.ed f o r  t he  g a s i f i c a t i o n  of a d e v o l a t i l i z e d  coa l  char  
w i t h  a very  low v o l a t i l e  mat te r  con ten t .  Extens ive  mod i f i ca t ion  of t he  
u p p e r  pa r t  of the  g a s i f i e r ,  t he  v e n t u r i  sc rubber  system, and the  hea t  
exchanger was r e q u i r e d ’  f o r  ope ra t ion  wi th  the high v o l a t i l e  ma t t e r  New 
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Mexico coal.  Table 1 shows a n  a n a l y s i s  of t h e  char  and coa l  used i n  
s t u d i e s  t o  da t e .  A f t e r  modi f ica t ion ,  t h e  system funct ioned  w e l l  i n  
provid ing  a c lean ,  dry  gas  t o  t h e  ac id  gas  removal system. 

A l l  of t he  experimental  work so f a r  has  been c a r r i e d  o u t  wi th  t h e  
s o l i d  coa l  p a r t i c l e s  f ed  i n t o  the  r e a c t o r  s eve ra l  f e e t  above t h e  top  of 
t h e  f l u i d i z e d  bed. The p a r t i c l e s  a r e  thus  i n  con tac t  w i th  t h e  h o t  
product gases  f o r  s eve ra l  seconds be fo re  mixing i n t o  t h e  f l u i d i z e d  bed, a 
mode of ope ra t ion  t h a t  tends t o  maximize t h e  product ion  of tars and o t h e r  
organic  l i q u i d s  from the  coa l .  It i s  an e x c e l l e n t  mode of ope ra t ion  f o r  
our p re sen t  purpose s i n c e  i t  produces r e l a t i v e l y  h igh  concen t r a t ions  of 
environmentally important elements and compounds. 

Proximate Analys is  
Fixed Carbon 86 .0  
V o l a t i l e  Mat te r  2 . 4  
Kois ture  0.9 
Ash 10.7 

42 .0  
35 .4  
10.5 
22.6 

Ult imate  Analys is  
Carbon 83.8 52.5 
Hydrogen 0.6 4.8 
Oxygen 2.2 18.3 
Nitrogen 0.1 1.2 
Su l fu r  2.6 0 .6  
Ash 10.7 22.6 

-----.----_____---______________________--------------------------- 

A t o t a l  o f  15  g a s i f i e r  runs  were made cover ing  a range  of r e a c t o r  
parameters.  For t h i s  s e r i e s  of runs )  t h e  average  tempera ture  of t h e  
f l u i d i z e d  bed was va r i ed  from about 1600°F t o  1800°F, and t h e  molar steam 
t o  carbon r a t i o  was v a r i e d  from about 1.0 t o  2.0. The c o a l  feed  r a t e  and 
the  r e a c t o r  p re s su re  were kept  nea r ly  cons t an t .  Seve ra l  of t h e  f i r s t  
r e a c t o r  runs  were made wi th  mixtures  of c o a l  and cha r ,  bu t  a l l  i n t e g r a t e d  
runs r epor t ed  on  l a t e r  were made wi th  100% coa l .  A t  t h e  lower 
temperatures t h e  product ion  of methane and of t a r s  and o t h e r  hydrocarbons 
i s  maximized. A s  t h e  tempera ture  i s  i nc reased ,  t h e  make gas  r a t e  
inc reases ,  t h e  product ion  of methane and o t h e r  hydrocarbons dec reases ,  
and t h e  concen t r a t ion  of C02 i nc reases .  

GASIFIER MODELING RESULTS 

' I o  a i d  i n  t h e  fo rmula t ion  of g a s i f i e r  performance c o r r e l a t i o n s ,  a 
simple model has been developed which cons ide r s  t he  g a s i f i c a t i o n  p rocess  
t o  occur i n  t h r e e  s t ages :  i n s t an taneous  d e v o l a t i l i z a t i o n  of cos1 i n  a 
zonc above t h e  f l u i d i z e d  bed, i n s t an taneous  combustion of carbon a t  t h e  
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bottom of the  bed, and steam-carbon g a s i f i c a t i o n  and water gas s h i f t  
r e a c t i o n  i n  a s i n g l e  p e r f e c t l y  mixed isothermal s tage .  The model i s  
s i g n i f i c a n t  i n  and of i t s e l f ,  but i t 6  p a r t i c u l a r  importance t o  the  
p r o j e c t  i s  t h a t  i t  enables  the s p e c i f i c a t i o n  of g a s i f i e r  condi t ions  
r equ i r ed  t o  produce a feed  t o  the  ac id  gas  removal system wi th  a 
predetermined flow rate and composition. 

I n  a prev ious  r e p o r t  ( F e r r e l l  e t  al . ,  19811, t he  s t r u c t u r e  of the  
model was presented ,  and t h e  a b i l i t y  of t he  model t o  c o r r e l a t e  d a t a  on 
t h e  g a s i f i c a t i o n  of a d e v o l a t i l i z e d  bituminous coa l  was demonstrated.  
The model was subsequently extended t o  inc lude  t h e  evo lu t ion  of v o l a t i l e  
gases  i n  the  py ro lys i s  s t a g e  of the g a s i f i c a t i o n  process ,  and used t o  f i t  
t h e  d a t a  from the  present  s e r i e s  of runs  wi th  the  New Mexico 
subbituminous coa l .  The model t akes  a s  input  t he  average r e a c t o r  bed 
tempera ture  and p res su re ,  t he  bed dimensions, feed  r a t e s  of coa l ,  steam, 
oxygen, and n i t rogen ,  s o l i d s  holdup i n  the  bed, and u l t ima te  a n a l y s i s  of 
t h e  feed  coa l ,  and c a l c u l a t e s  carbon conversion and make gas  flow r a t e  
and composition. A complete d e s c r i p t i o n  of t h e  model i n  i t s  p resen t  form 
w i l l  be g iven  i n  an EPA r e p o r t  now i n  p repa ra t ion .  A l o t  of model 
p r e d i c t i o n s  v s  measured va lues  of  carbon conversion i s  shown i n  F igure  2. 
The reasonably  c l o s e  proximi ty  of most p o i n t s  t o  t h e  45 degree  l i n e  on 
t h i s  and s i m i l a r  p l o t s  f o r  t o t a l  make gas flow r a t e  and i n d i v i d u a l  
spec ie s  (CO, H2, COP) emiss ions  i s  g r a t i f y i n g  io view of t h e  s i m p l i c i t y  
of the  model. 

AGRS OPERATION AND RESULTS 

Top f eed ing  coa l  i n t o  the  g a s i f i e r  allows a s u b s t a n t i a l  amount of 
d e v o l a t i l i z a t i o n  t o  t a k e  p lace  before  the  coa l  e n t e r s  t he  f l u i d i z e d  bed. 
While most commercial f l u i d i z e d  bed g a s i f i e r s  w i l l  use a deep-bed 
i n j e c t i o n  method of f eed ing  c o a l  i n t o  the  f l u i d i z e d  bed, i t  was decided 
no t  t o  modify our system i n  o r d e r  t o  maximize t h e  format ion  of t a r s ,  
o i l s ,  and o t h e r  hydrocarbons and t o  provide a more complete t e s t  of t he  
AGRS. 

It should a l s o  be noted t h a t  the  r e l a t i v e l y  s imple  ac id  gas  removal 
system used i n  t h i s  s tudy  l a c k s  the  complexity of t h e  s e l e c t i v e  systems 
found i n  many phys ica l  a b s o r p t i o n  processes .  These systems, which use 
more than  one abso rbe r  and s t r i p p e r ,  and o f t e n  s e v e r a l  f l a s h  t anks ,  
s e p a r a t e  s u l f u r  gases  from carbon d ioxide  b e f o r e  f u r t h e r  p rocess ing  of 
t h e  a c i d  gas .  This  i s  done t o  concen t r a t e  t h e  s u l f u r  gases  before  they 
a r e  fed  t o  a s u l f u r  recovery  u n i t ,  and t o  recover  the  Cog o r  vent  the  
C02-rich stream t o  t h e  atmosphere. While t h e  AGRS used i n  t h i s  study 
could have been modified t o  emulate an e x i s t i n g  s e l e c t i v e  abso rp t ion  
p rocess ,  was decided t h a t  d a t a  obta ined  from a r e l a t i v e l y  simple but  
we l l - cha rac t e r i zed  system would be of more use than d a t a  obta ined  from a 
f a i r l y  complex system, s i m i l a r  but not i d e n t i c a l ,  t o  e x i s t i n g  commercial 
systems. Through j u d i c i o u s  use of computer s imula t ion  and engineer ing  
c a l c u l a t i o n s ,  t h e  da t a  obta ined  from our system should be e x t r a p o l a t a b l e  
t o  more i n d u s t r i a l l y  s i g n i f i c a n t  s i t u a t i o n s .  

i t  
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', 
Complete results from all runs carried out will be -published in a 

forthcoming EPA report. Illustrative results from a single run will be 
Presented here. Gas analyses from the six different locations shown in 
Figure The paragraphs that follow Summarize the 
Principal conclusions derived from analyses of the run data. 

1 are given in Table 2. 

B 

'2'4 
C2H6 H S  

Ci3 

c8s 
N 
co c44 
Benzene 
Toluene 
Ethyl Benz. 
Xylenes * 
Thiopiene 

Pro pang 
Butane ** 
Methanol 

31.60 
23.51 
0.52 
0.72 
0.250 
0.0078 

19.36 
6.56 

17.29 
0.087 
0.031 
0.0016 
0.0080 
44 
16 

TRACE 
TRACE 
1505 
208 
185 ----- 

31 .ll 
23.91 
0.53 
0.72 
0.284 
0.0076 
19.61 
6.46 

17.47 
0.097 
0.034 
0.0017 
0.0094 
44 
29 

3 
1521 
198 
150 

----- 

----- 

31.29 
21.98 
0.56 
0.76 
0.287 
0.0076 

19.93 
6.51 

17.92 
0.234 
0.534 
0.0450 
0.1557 
127 
28 
8 

TRACE 
1811 
253 
143 -..--- 

42.38 -___ 
0.0242 
0.0164 
0.0048 
0.0001 

26.79 
7.54 

23.35 
TRACE 
0.0054 ---- 
I___ --___ 
TRACE 

TRACE 
107 
301 
54 

----- 

----- 

15.58 
25.99 
1.28 
1.92 
0.090 
0.0041 
19.27 
14.20 
21.55 
0.0031 
0.0033 _-_-- ---- 
-I-- 

5 ----- 
TRACE 
995 
172 
91 ----- 

0.00 
64.74 
1.54 
2.13 
0.66 
0.027 

23.06 
2.36 
1 .80 
0.15 
0.030 ----- --___ ----- 

TRACE 

TRACE 
4640 
2203 
71 

3.68 

----- 

Acid Gas Removal 

The primary function of the AGRS is to remove COP and sulfur 
compounds from the gases produced during coal gasification. When using 
refrigerated methanol, the absorber also acts as an excellent trap for 
any other compound which condenses or disolves in the methanol at 
absorber conditions. 

The run data show that for the range of conditions studied, the most 
significant factor in high acid gas removal efficiencies is stripping 
efficiency. With the use of more extreme operating conditions and 
"cleaner" methanol fed to the absorber, the levels of C02, COS and H2S in 
the sweet gas can be reduced to acceptable levels. This is a 
particularly important point in the case of COS removal which poses 
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problems f o r  many c o a l  g a s  c l ean ing  systems. The d a t a  show t h a t  
r e f r i g e r a t e d  methanol i s  e f f e c t i v e  i n  removing COS and no unusual 
s o l u b i l i t y  c h a r a c t e r i s t i c s  were e v i d e n t  a t  moderate p re s su res  and low 
l i q u i d  temperatures .  

Trace S u l f u r  Compounds 

There a r e  s e v e r a l  s u l f u r  compounds besides  H2S and COS presen t  i n  
t h e  gas  f e d  t o  t h e  AGRS which must be removed. Table 2 shows t h e  
d i s t r i b u t i o n  of s e v e r a l  of t hese  compounds i n  the  AGRS. While t h e r e  is 
some s c a t t e r  i n  t h e  ana lyses  f o r  methyl mercaptan, thiophene,  CS2, and 
e t h y l  mercaptan/dimethyl s u l f i d e ,  it appears  t h a t  i n  most runs  they  a r e  
removed t o  ve ry  low l e v e l s  i n  t h e  absorber .  

A po in t  of p o t e n t i a l  enviromnental  s i g n i f i c a n c e  i s  t h a t  wh i l e  t hese  
compounds a r e  removed t o  low l e v e l s ,  they a r e  n o t  completely accounted 
f o r  i n  t h e  f l a s h  and ac id  gas  s t reams.  This  can be seen f o r  methyl 
mercaptan and thiophene, which a r e  p re sen t  i n  r e l a t i v e l y  high l e v e l s  i n  
t h e  f eed  gas.  These compounds w i l l  accumulate i n  t h e  r e c i r c u l a t o r y  
so lven t  and most l i k e l y  e v e n t u a l l y  leave t h e  system i n  one of t h r e e  e x i t  
s t reams:  sweet gas ,  f l a s h  gas ,  o r  a c i d  gas.  Because most s u l f u r  
recovery systems cannot t r e a t  mercaptans and thiophene, they w i l l  p r e s e n t  
emission problems i f  some a d d i t i o n a l  method of t r e a t i n g  t h e s e  gases  i s  
n o t  used. This can be a s i g n i f i c a n t  problem because t h e  t o t a l  s u l f u r  
from mercaptans,  o rgan ic  s u l f i d e s ,  CS2! and thiophene is approximately 
ha l f  of t h e  t o t a l  s u l f u r  a s s o c i a t e d  w i t h  COS. I f  t hese  compounds appear  
w i th  t h e  sweet gas ,  they a r e  l i k e l y  t o  a f f e c t  adve r se ly  downstream 
methanat ion c a t a l y s t s .  The presence of t hese  compounds i o  t h e  sweet g a s  
s t ream i s  a l s o  a problem i f  t h e  gas  i s  t o  be burned f o r  immediate use 
because t h e  s u l f u r  i n  these  compounds w i l l  be converted t o  SO2. 

I n  examining t h e  r e s u l t s  from a l l  runs ,  t h e r e  appears  t o  be some 
p a t t e r n  of t r a c e  s u l f u r  s p e c i e s  d i s t r i b u t i o n .  An i n c r e a s e  i n  s t r i p p e r  
temperature  from -5.6'F t o  48'F r e s u l t e d  i n  s u b s t a n t i a l l y  g r e a t e r  amounts 
of mercaptan and thiophene i n  t h e  ac id  gas  stream. CS seems t o  
d i s t r i b u t e  t o  a l l  e x i t  streams i n  most of t he  runs  d e s p i t e  t h e  
d i f f e r e n c e s  i n  p rocess  cond i t ions .  

2 

Perhaps t h e  most s i g n i f i c a n t  f i n d i n g  h e r e  i s  t h a t  over  a wide range 
of p rocess ing  cond i t ions ,  t h e  presence of a t  l e a s t  small  amounts of 
s e v e r a l  d i f f e r e n t  s u l f u r  s p e c i e s  i s  t o  be expected i n  a l l  AGRS e x i t  
s t reams,  and p rov i s ion  must be made f o r  handling t h e  a s soc ia t ed  problems. 

A l i p h a t i c  Hydrocarbons 

As t h e  amount of v o l a t i l e  m a t t e r  present  i n  a p a r t i c u l a r  coa l  
i n c r e a s e s ,  the product ion of a l i p h a t i c ,  aromatic ,  and polynuclear  
aromatic  compounds produced du r ing  g a s i f i c z t i o n  also i n c r e a s e s .  Over the  
range of cond i t ions  s t u d i e d  h e r e ,  t h e  most s i g n i f i c a n t  po in t  t o  be made 
about t he  d i s t r i b u t i o n  of a l i p h a t i c  hydrocarbons i s  t h e i r  presence i n  
s i g n i f i c a n t  q u a n t i t i e s  i n  t h e  f l a s h  and ac id  gases .  Although f l a s h i n g  of 
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the methanol down to atmospheric pressure prior to stripping would 
release most of the hydrocarbons, the COp-rich flash gas would still 
contain substantial amounts of several hydrocarbon species. This stream 
would require further processing before it could be vented. 

In a run in which the gasifier was operated at a lower temperature 
t o  increase the production of hydrocarbons, the aliphatic6 (excluding 
methane) made up almost 4.5% of the acid gas stream and 3.5% of the flash 
gas stream. While staging the flashing operations may result in a better 
distribution of these compounds, the total product from the flashing and 
stripping operations must be either recovered as product, fed to a sulfur 
recovery unit, or vented to the atmosphere. Since it is unlikely that 
all of the aliphatic hydrocarbons will appear in the sweet gas stream, as 
evidenced by the data collected here, additional treatment will be 
necessary to prevent their eventual appearance in a vent stream. 

There appears to be no unusual pattern of distribution of aliphatic 
hydrocarbons in the AGRS. The lighter hydrocarbons-- methane, ethylene, 
and ethane-- seem to distribute as vould be indicated from an examination 
of their pure-component solubilities in methanol. The magnitude of their 
solubilities, however, are greater than would be expected from Henry's 
law, especially at the high pressures used in the absorber. This is 
evident from the lower than predicted levels of ethane and ethylene in 
the sweet gas in several of the runs. 

Aromatic Hvdrocarbons 

Because large amounts of aromatic hydrocarbons are produced during 
coal gasification, the potential for environmental problems is great. 
These compounds, which range from benzene to polynuclear species of many 
forms, must be prevented from escaping from the gas cleaning process and 
their distribution throughout the gas cleaning system is of great 
concern. 

The simpler aromatics, benzene, toluene, and xylene, typically make 
up 0.1% (by volume) of the gas stream entering the AGRS. (See Table 2.)  
Analyses performed for selected runs indicate that significant quantities 
of these compounds are found in the solvent leaving the stripper. 
Eventually these compounds would build up in the solvent to the point of 
saturation. If the solvent is not effectively purged of these compounds 
periodically, they would begin to appear in several of the process 
streams. 

Methanol Analysis 

In order to identify the various hydrocarbon species that accumulate 
in the methanol, samples of the methanol leaving the stripper were taken 
for several runs. These samples were then analyzed by gas 
chromatographylmass spectrometry. The compounds detected are shown in 
Table 3 .  The presence of several siloxanes and phthalates was probably 
related to some contamination of the sample during processing. 
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Results from these runs indicate that most of the compounds 
accumulating in the methanol are simple aromatics, primarily substituted 
benzenes. A few C and Cll isomers were identified. indicating that 
napthalene is prigably present but at trace levels. The presence of 
trace amounts of C 14 and C15 isomers were found in but they could not be 
better identified. These may be polynuclear aromatics but they were 
present in very small amounts relative to the simpler aromatics. 

Samples of liquid condensing in the knockout tank downstream from 
the sour gas compressor were collected and analyzed by GC/HS. This 
condensate contains most of the heavier hydrocarbons fed to the AGRS. 
Results of these analyses are presented in Table 4, and show that the 
compounds identified are very similar to those found in the stripped 
methanol. Again, mostly simple aromatics were found. No polynuclear 
aromatics were present, vhich supports the findings of the earlier 
analyses. 

Results from these analyses indicate that very little, if any, 
polynuclear aromatic compounds were present in the gas fed to the AGRS. 
This is a particularly important finding. Analyses of the water used to 
quench gasifier product gas stream showed that s substantial amount 
of polynuclear aromatics were present. Evidently, scrubbing of the raw 
product gas with water effectively removes these compounds. 

the 

Although polynuclear aromatics are removed by the quenching process, 
substantial amounts of simpler aromatics will be present in the sour gas 
fed to the AGRS. The use of cold traps may remove some of these 
compounds but provision must be made to prevent their release to the 
atmosphere through vent streams or through the sulfur recovery unit. The 
accumulation of these compounds in the methanol further complicates the 
problem because of the increased likelihood of their distribution to a 
number of process streams. Achieving efficient solvent regeneration is, 
therefore, a key step in avoiding enviromnental problems. 

SUnMARY 

A cyclone, a cold water quench scrubber, and a refrigerated methanol 
absorber have been used to clean the make gas from the steam-oxygen 
gasification of a New Mexico subbituminous coal in a pilot-scale 
fluidized bed ractor. A model developed for the gasifier provides the 
capability of predicting the make gas amount and composition as a 
function of gasifier operating conditions. The methanol functioned 
effectively for acid gas removal. Removal of COq,  COS, and H2S ,to 
sufficiently low levels was achieved with proper choice of operating 
conditions and effective solvent regeneration, 
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TABLE 3 -----___________________________________------------------------------ 
COMPOUNDS IDENTIFIED IN STRIPPER EXIT lIETHANOL -----_________________________---------------------------------------- 

1. sat'd hydrocarbon 21. toluene 42. C3 alkyl benzene 
2. cop 22. methyl thiophene 43. C3 alkyl benzene 

isomer 44. C10H22 isomer 
3. C H isomer 23. C8H16 isomer 45. CloHlk' isomer 

46. C4 a yl benzene 4. tetramethylsilane 24. C8H16 isomer 
5. trichlorofluro- 25. C8H16 isomer 47. ClOHz2 isomer 

6. C 5 ~ l o  isomer 26. C8H isomer 48. C E isomer 

4 8  

methane 

tirace) 49. U%I% hydrocarbon 
7. unknown 27. C8H14 isomer 50. CgHlo 

(trace) 
hexamethyl 51. 
cyclotrisiloxane 
CgHZ0 isomer 52. 
C H isomer 53. 
e?,:? benzene 54. 

styrene 56. 

C9H18 isomer 58. 
C H isomer 59. 
C: zfkyl 60. 

benzene 

clOSiZmer 

xylene (M.P) 55. 

xylene (0) 57. 

18. C7H12 isomer 38. 61. C14E30 isomer 

19. C7H12 isomer 39. unknown 62. unknown 

20. unknown 40. unknown 63. C15H32 isomer 

41. Cl1HZ4 isomer 

hydrocarbon 

hydrocarbon hydrocarbon 

.................................................................. 

8. Freon 113 28. 

9. cyclopentadiene 29. 
10. C6H12 isomer 30. 
11. C6H14 jsomer 31. 
12. C6H10 isomer 32. 
13. benzene 33. 
14. C7H14 isomer 34. 
15. C7Hl6 isomer 35. 

17. C7H12 isomer 37. 
16. C7H16 isomer 36. 

C H isomer 

alkyl benzene isomer 
C H isomer 
C'B 28 isomer 
c8 Bo isomer c;B~;~o isomer 
unknown siloxane 
unknown siloxane 
unknown siloxane 
C14H30 isomer 

9 8  

TABLE 4 .................................................................... 
COMPOUNDS IDENTIFIED IN COMPRESSOR KNOCKOUT SAMPLE .................................................................... 

1. 1-penteoe 10. substituted benzene 
2. hydrocarbon 11. C8 hydrocarbon 
3. benzene 12. Cg hydrocarbon 
4. hydrocarbon 13. propyl or ethyl methyl substituted benzene 
5. Toluene 14. propyl or ethyl methyl substituted benzene 
6. cyclo C4-C5 15. 1-decene 
7. hydrocarbon 16. 2-propyl benzene 
8. ethyl benzene 17. 1-ethyl-4methy1 benzene 
9. dimethyl benzene ...................................................................... 
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The presence of several trace sulfur compounds--ercaptans, 
thiophenes, organic sulfides, and CS2--comp1icates the gas cleaning 
process because these compounds were found to distribute among all exit 
streams from the AGRS. Since no provision is made t o  specifically treat 
these forms of sulfur, the possibility of their emission into the 
atmosphere exists and must be dealt with to avoid significant 
environmental problems. 

A wide variety of aliphatic and aromatic hydrocarbons are present in 
the gas stream fed to the AGRS. The aliphatic hydrocarbons. ranging from 
methane to butane, cover a wide range of solubilities. Their presence in 
all AGRS streams must be anticipated to prevent their emission to the 
atmosphere. 

While a wide range of simple aromatics were identified in the gas 
stream fed to the AGRS, essentially no polynuclear aromatic compounds 
were found. Apparently, the water quenching process effectively removes 
these compounds from the gasifier product gas. Bowever. significant 
quantities of simple aromatics were found to accumulate in the 
recirculating methanol, indicating a potential for their eventual 
discharge to the atmosphere. Provision must be made to periodically 
purge the solvent of these compounds and/or remove them prior to the AGRS 
through cold traps. 
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